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(54) Process for the preparation of lactic acid-based polyester compositions 

(57) The present invention provides a process for 
the preparation of a biodegradable lactic acid-based 
polyester composition excellent in thermal stability, stor- 
age stability, flexibility, heat resistance, mechanical and 
physical properties and moldability which comprises 
kneading a lactic acid-based polyester and a polyester 
consisting of dicartx>xylic add component(s) and did 
component(s) with a chelating agent, an acidic phos- 
phoric acid ester, a molecular weight Increasing agent, 
etc.. and then de^olatilizing the kneaded mixture. The 
present invention also provides a molding process of 
the foregoing lactic acid-based polyester composition. A 
process for the preparation of a lactic acid-based poly- 
ester composition is provided, which comprises melt- 
kneading a lactic acid-based polyester (A), a polyester 
(B) consisting of dicarboxylic acid component(s) and 
diol component(s) and a chelating agent and/or addic 
phosphoric acid ester (0) in an amount such that the 
weight ratio (A)/(B) is from 99/1 to 1 0/90 and the propor- 
tion of (C) is 0.001 to 5 parts by weight based on 100 
parts by weight of the sum of (A) and (B). A process for 
molding a lactic add-based polyester composition is 
also provided, which comprises kneading a lactic acid- 
based polyester (A) and a polyester (B) consisting of 
dicarboxylic acid component(s) and diol component(s) 
with a chelating agent and/or acKlic phosphoric add 
ester (C), and then molding the material. 
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Description 

FIELD OF THF IMVFMTinM 

The present invention relates to a process for the 
preparation of a f lextole biodegradable lactic acid-based 
polyester composition composed of a lactic acid-based 
polyester, a polyester consisting of dicartxDxylic add 
component(s) and diol component(s) and a chelating 
agent and/or acidic phosphoric acid ester having a less 
residual volatile component, particularly a less residual 
lactide. and an excellent thermal stability and a molding 
process of a composition prepared by such a prepara- 
tion process. 

More particularly, the present invention relates to a 
process for the preparation of a lactic acid-based poly- 
ester composition having a less residual lactide and 
excellent mechanical strengtii and flexibility which is 
less susceptible to decomposition of lactic acid-based 
polyester and attachment of sublimed residual lactide to 
the apparatus, molded articles, etc. at the molding step, 
etc. and a molding process of a composition prepared 
by such a preparation process. 

BACKGRO UND OF THE INVFMTinM 

Plastics have found wide application in many fields 
because of its light weight and excellent durability and 
good cdorability and moldability. On tiie otiier hand, 
plastics are exti-emely chemically stable compounds. 
When discarded, plastics undergo little decomposition 
and accumulate in natural environment to pollute rivers, 
ocean and soil, raising a great social problem. As a 
countermeasure of inhibiting tiie environmental pollu- 
tion tiiere has been keenly desired the development of 
biodegradable plastics which can decompose with 
microorganisms in the soil and water and then get into a 
material chain system in natural environment to inhibit 
the environmental pollution. 

For example, extensive studies have been made of 
the use of polylactic acids, which exhibit a good biode- 
gradability and harmlessness, as general-purpose poly- 
mers. However, polylactic acids are hard and brittle. 
Thus, in order to overcome tfiese difficulties, studies 
have been made of the blending or copolymerlzation of 
polylactic adds with flexible polymers. 

The blending or copolymerization of polylactic acids 
witfi polyesters consisting of dicarboxylic acid compo- 
nent and diol component is disclosed in JP-W-4-504731 
(The term "JP-W" as used herein means an "unexam- 
ined PCT application published in Japan^ and U.S. Pat- 
ent 5,202.413. JP-W-4-504731 describes the blending 
of polylactic acids with a polyethylene terephthalate or 
copolymerization of polylactic adds with a polyethylene 
terephtiialate in the presence of an ester interchange 
catalyst However, a polyethylene terephthalate has a 
high melting point that makes it necessary to effect the 
melt-blending or copolymerization with a polylactic add 
at a high temperature where the polylactic add is partly 



decomposed. The resulting blend or copolymer is 
colored, malodorous and opaque. The Wend or copoly- 
mer has a low molecular weight, lacks flexibility and 
shows a low mechanical strength. Further, tiie blend or 
5 copolymer exhibits a deteriorated biodegradability. 

U.S. Patent 5.202.413 describes a blend of a poly- 
lactic acid witii a polyester consisting of an aliphatic 
dicarboxylic acid component and an allphatk: diol com- 
ponent However, since the polyester has a low molecu- 
10 lar weight, the blend cannot be provided witii 
satisfactory flexibility, mechanical sti-ength. heat resist- 
ance and moldability. Further, a copolymer of a polylac- 
tic acid with a polycaprolactone disdosed in JP-A-63- 
145661 (The term "JP-A" as used herein means an 
75 "unexamined published Japanese patent application") 
has a relatively good flexibility but shows a low heat 
resistance and is opaque. Thus, the application of the 
copolymer is drastically restricted. 

In general, a blend or copolymer of a polylactic acid 
20 with the foregoing polyester has a great residual lactide 
content. Thus, such a blend or copolymer leaves some- 
thing to be desired in moldability and heat resistance. 
Accordingly, such a blend or copolymer is disadvanta- 
geous In that it decomposes too fast and shows too 
25 poor a storage stability to find application as general- 
purpose polymers, except for special application. In par- 
ticular, such a polymer is subject to drop of molecular 
weight due to heat during molding. Further, lactide and 
ottier foreign matters are attached to ttie molding appa- 
30 ratus or molded articles. The resulting molded articles 
cannot attain sufficient physical properties and thus can 
be rejected at a high percentage. Further, lactide 
causes some trout>les on tiie molding apparatus. This is 
probably because lactides left during polymerization 
35 and reproduced during molding decompose with water 
content in the atmosphere to produce an organic add 
which tiien breaks the polymer chain. 

Thus, extensive studies have been made of tiie 
reduction of residual lactide in a lactic acid-based poly- 
40 ester such as polylactic acid and blend or copolymer of 
a polylactic acid with other polyesters. Referring to ttie 
process for the removal of lactide from lactic add-based 
polyesters, a process which comprises dipping a lactic 
add-based polyester in a solvent to exti'act lactide 
45 tiierefrom or a process which comprises dissolving a 
polymer In a good solvent and then allowing the poly- 
mer to be predpitated in a poor solvent has been con- 
ducted on a laboratory basis. On an industrial basis, a 
metiiod using a biaxial exti^uder is disclosed In EP 
so 5321 54. JP-A-5-93050 disdoses a method which com- 
prises the removal of a volatile component in a pot 
under reduced pressure. 

However, these methods are apt to the reproduc- 
tion of lactide even if lactide is removed under reduced 
55 pressure at an elevated temperature, making it impossi- 
ble to eliminate lactide from the polymer with ease. This 
is because tiie catalyst used In polymerization also acts 
as a catalyst for the reaction of production of lactide 
from the polymer chain. 
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JP-A-6-116381 discloses a method for the removal 
of a catalyst from a polylactic acid prepared from lactic 
acid in the presertce of a solvent. This method com- 
prises the removal of a catalyst from a polylactic acid in 
the presence of a large amount of a solvent. In some 5 
detail, an organic hydrophilic solvent and a weak add 
are added to a polylactic acid dissolved in a solvent to 
remove a catalyst from the system. The polylactic acid 
is deposited in powder, granular, particulate, flake or 
block form. The bulk density of the product is relatively to 
high as 0.6 g/mt Further, this procedure requires a rel- 
atively long time for removing a catalyst. In addition, the 
resulting waste solvent containing a complex mixture 
requires a complicated disposal. Thus, this method is 
also industrially unsuitable. Moreover, this method is 15 
disadvantageous in that if the solvent is used in a small 
amount, the catalyst cannot be thoroughly removed. 
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It is therefore an object of the present invention to 
provide a process* for the preparation of a lactic acid- 
based polyester composition excellent in mechanical 
strength such as flexibility and heat resistance, molda- 
bility. storage stability and biodegradability. 25 

It is another object of the present invention to pro- 
vide a mowing process of a composition prepared by 
the foregoing preparation process. 

The foregoing object of the present invention will 
become more apparent from the following detailed 30 
description and examples. 

The inventors made extensive studies of the solu- 
tion to the foregoing problem. As a result. It was found 
that the melt-kneading of a lactic acid-based polyester 
and a polyester consisting of dicarboxylic acid compo- 35 
nent(s) and diol component(s) with a chelating agent 
and/or acidic phosphoric acid ester, followed by the 
devolatillzation of residual volatile components, particu- 
larly residual lactide, under reduced pressure, makes it 
possible to obtain a biodegradable lactic acid-based 40 
polyester composition having an improved thermal sta- 
bility and excellent moWability. storage stability, flexibility 
and mechanical strength. Thus, the present invention 
has been worked out. 

The present invention concerns a process for the 4s 
preparation of a lactic acid-based polyester composi- 
tion, which comprises melt-kneading a lactic acid-based 
polyester (A), a polyester (B) consisting of dicarboxylic 
acid component(s) and diol component(s), and a chelat- 
ing agent and/or acidic phosphoric acid ester (C). so 

The present invention also concerns a process for 
the preparation of a lactic acid-based polyester compo- 
sition, virtiich comprises melt-kneading either of a lactic 
acid-based polyester (A) or a polyester (B) consisting of 
dicartx)xylic acid component(s) and diol confponent(s) ss 
with a chelating agent and/or acidic phosphoric acid 
ester (C), and then melt-kneading the resulting material 
with the remainder of said polyester (A) or said polyes- 
ter (B), or comprises melt-kneading a lactic acid-based 



polyester (A) with a chelating agent and/or acidic phos- 
phoric ackJ ester (C) and melt-kneading a polyester (B) 
consisting of dicarboxylic acid component(s) and diol 
component(s) with a chelating agent and/or acidic phos- 
phoric acid ester (C), separately, and then melt-knead- 
ing the both resulting materials. 

More particularly, the present invention concerns a 
process for the preparation of a lactic acid-based poly- 
ester composition, which comprises melt-kneading a 
melt-kneaded mixture of a lactic acid-based polyester 
(A) and a chelating agent and/or acidic phosphoric acid 
ester (C) with a polyester (B) consisting of dicarboxylic 
acid component(s) and diol component(s). 

The present invention further concerns the forego- 
ing process for the preparation of a lactk: ackl-based 
polyester composition, wherein the weight ratio of said 
lactic acid-based polyester (A) to said polyester consist- 
ing of dicarboxylic add component(s) and diol compo- 
nent(s) (B) is from 99/1 to 10/90 and the proportion of 
said chelating agent and/or acidic phosphoric acid ester 
(C) is from 0.001 to 5 parts by weight based on 100 
parts by weight of the sum of (A) and (B). 

TTie present invention further concerns the forego- 
ing process for the preparation of a lactic add-based 
polyester composition, wherein a molecular weight 
increasing agent (D) is added to said lactic add-based 
polyester (A) and/or polyester (B) consisting of dicarbo- 
xylic acid component(s) and diol component(s) in an 
amount of from 0.001 to 5 parts by weight based on 100 
parts by weight of the sum of (A) and (B) before or at the . . 
same time with the mett-kneading with said chelating 
agent and/or addle phosphoric acid ester (C). 

The present invention further concerns the forego- 
ing process for the preparation of a lactic add-based 
polyester composition, wherein the melt-kneading with 
said chelating agent and/or acidic phosphoric acid ester 
(C) is followed by the removal of volatile components 
under reduced pressure. The present invention further 
concerns the foregoing process for the preparation of a 
lactic acid-based polyester composition, wherein said 
lactic acid-based polyester (A) is a polylactic add. The 
present invention further concerns a lactic add-based 
polyester composition prepared by the foregoing prepa- 
ration process. 

The present invention further concerns the forego- 
ing molding process of a lactic add-based polyester 
composition, which comprises kneading a lactic add- 
based polyester (A) and a polyester (B) consisting of 
dicarboxylic acid component(s) and diol component(s) 
with a chelating agent and/or acidic phosphoric acid 
ester (C), and then molding the material. 

The present invention further concerns a molding 
process of a lactic acid-based polyester composition, 
which comprises melt-kneading a lactic acid-based pol- 
yester (A) and a polyester (B) consisting of dicarboxylic 
add component(s) and diol component(s) with a chelat- 
ing agent and/or acidic phosphoric add ester (C), 
removing volatile components from the material under 
reduced pressure, and then molding the material. 
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More particularly, the present invention cx)ncerns a 
molding process of a ladic add-based polyester com- 
position, which comprises melt-kneading a lactic acid- 
based polyester (A) with a chelating agent and/or acidic 
phosphoric add ester (C), removing volatile oompo- 5 
nents from the material under reduced pressure, knead- 
ing the material with a polyester (B) consisting of 
dicarboxylic acid component(s) and diol component(s), 
and then molding the material. In particular, the present 
invention concerns the foregoing molding process of a 70 
lactic add-based polyester composition, wherein the 
lactic acid45ased polyester (A) is a polylactic acid. 

The present invention further concerns the forego- 
ing molding process of a lactic acid-based polyester 
composition, wherein a molecular weight increasing is 
agent (D) is added to said lactic add-based polyester 
(A) and/or a polyester (B) consisting of dicarboxylic add 
component(s) and diol component(s) before or at the 
same time with the melt-kneading with said chelating 
agent and/or acidic phosphoric add ester (C) . 20 

The present invention further concerns a process 
for the preparation of a lactic acid-based polyester com- 
position having a less volatile content, which comprises 
the reduction of volatile components in a lactic acid- 
based polyester component at a temperature of from 25 
130*»C to ZSO'^C and a pressure of from 0.01 to 50 ton- 
by means of a vessel type devolatilizer. thin film type 
devdatilizer or vented Cruder. 



DETAILED DESCRIPTION OF THE INVENTION 30 

The present invention will be furtiier described 
hereinafter. 

The lactic acid-based polyester composition of the 
present invention comprises a lactic add-based polyes- 35 
ter, a polyester consisting of dicartx)xylic add compo- 
nent(s) and diol component(s). a chelating agent and/or 
acidic phosphoric acid ester, and optionally a molecular 
weight increasing agent. Among these constituents, the 
chelating agent and acidic phosphoric acid ester are 40 
important factors that complex metal ions in a catalyst 
contained in the lactic acid-based polyester or polyester 
consisting of dicarboxylic add component(s) and diol 
component(s) to deactivate the catalyst and hence 
improve tiie thermal stability, storage stability and mold- 45 
ability of the composition. The molecular weight 
increasing agent acts to drastically enhance the flexibil- 
ity and mechanical strength of tiie composition. 

The constituents of the lactic acid-based polyester 
composition of the present invention will be sequentially so 
described. 

The lactic acid-based polyester is not specifically 
limited. Examples of the ladic acid-based polyester 
employable herein indude polylactic acid, copolymer of 
lactic acid with hydroxycarboxyllc acid such as 3- ss 
hydroxybutyric acid, 4-hydroxybutyric acid, 3-hydroxy- 
valeric add, 4-hydroxyvaIeric acid. 5-hydroxyvaleric 
acid, glycolic acid, dimethylglycolic add, p-hydroxypro- 
panic acid, a-hydroxybutyric add, a-hydroxycaproic 



add. p-hydroxycaproic acid, yhydroxycaproic acid, 6- 
hydroxycaprdc acid, 6-hydroxymetfiylcapft)ic acid, e- 
hydroxycaproic acid and c-hydroxymethylcaproic add, 
copolymer of lactide with cydic ester such as glycolide, 
e-caprdadone, ^valerolactone. yundecaladone and p- 
methyl-6-valerolactone or polyester consisting of dicar- 
boxylic add component(s) and diol component(s). and 
copolymer of mixture thereof. 

The process for tine preparation of tfie lactic add- 
based polyester is not specifically limited. Examples of 
tiie preparation process employable herein indude 
pdycondensation of ladic acid or ladic acid witti a 
hydroxycarboxylic add other than lactic add, ring-open- 
ing polymerization of lactide or lactide with a cyclic ester 
other than lactide, and ring-opening polymerization or 
ester interchange readion of ladWe with a polyester 
consisting of a dicarboxylic add and diol component(s). 

For example, a lactic acid-based polyester such as 
polyladic acid and copolymer of ladic acid can be pre- 
pared by tfie dehydro-condensation of lactic acid or its 
copolymerizable components in the presence or 
absence of a solvent as disclosed in JP-A-6-1 72502 
and JP-A-7-1 72425 or by the ring-opening polymeriza- 
tion of ladide as a dimer obtained by the dehydro-cycli- 
zation of ladic acid or its copolymerizable component in 
the presence of a catalyst as disclosed in "Polymer 
Vol.20. 1459(1979). 

Lactic acid is a monomer having stereoisomerism. 
There are L-ladic acid and D-lactic add. A polymer con- 
taining L-lactic acid or D-lactic add alone can crystallize 
to attain a high melting point. Examples of ladide as a 
dimer obtained by dehydro-cydization of ladic acid 
include isomers such as D-lactide, L-lactide and meso- 
lactide. A polymer containing D-lactide or L-lactide 
alone can crystallize to attain a high melting point. The 
ladic acid-based polyester of the present invention can 
comprise the two ladic acids or the three lactides in 
combination to realize preferred polymer charaderis- 
tics. 

In particular, in order to provide the ladic add- 
based polyester with an excellent heat resistance, the 
lactic acid component preferably has a high optical 
adivity. In some detail, the lactic acid conrponent to be 
incorporated In the ladic acid-based polyester of the 
present invention preferably comprises L-ladic add or 
D-ladic add in a proportion of not less than 70% based 
on the total content of the ladic add component. Fur- 
ther, in order to attain a higher thermophysical proper- 
ties, the ladle add component to be used preferably 
comprises L-lactic acid or D-lactic acid in a proportion of 
not less than 80% based on the total content of the lac- 
tic acid component In the case where lactide is used, 
too. the lactic acid component to be used preferably 
comprises L-ladide or D-lactide in a proportion of not 
less tfian 70% based on the total content of the lactic 
add component. Further, in order to attain a higher ther- 
mophysical properties, tfie ladic acid component to be 
used preferably comprises L-lactide or D-lactide in a 
proportion of not less tiian 80% based on the total con- 
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tent of the lactide. 

In particular. Uactic acid can be obtained In a 
higher purity at a lower cost by fermentation than the 
other forms on a commercial basis. Therefore, as the 
lactic acid component constituting the lactic acid-based 
polyester there is preferably used L-lactic acid. As lac- 
tide constituting the lactic acid-based polyester there is 
preferably used L-lactide. In general, it is known that 
polylactic adds lack flexibility. Thus, polylactic acids can 
be kneaded with a polyester consisting of a dicarboxylic 
acid and diol component(s) to have an improved flexibil- 
ity. 

Specific examples of the dicarboxylic acid compo- 
nent constituting the polyester include aromatic dicarbo- 
xylic add such as phthalic anhydride, isophthallc acid, 
terephthalic acid and 2,6-naphthaIenedicarboxylic acid. 
Other examples of the dicarboxylic add include aliphatic 
dicartx)xylic acid such as succinic add. methylsucdnic 
acid, adipic add, 2-methyladipic acid, methylglutaric 
acid, azelaic acid, sebacic add. brassylic acid, 
dodecanedicarboxylic acid, cyclohexanedicarboxylic 
acid, maieic anhydride, fumaric acid, itaconic acid and 
dimeric add, and mixture thereof. In particular, if a 64^20 
aliphatic dicarboxylic acid component Is used, it pro- 
vides an Improved flexibility. If an aliphatic dicarboxylic 
acid having a double bond such as maieic anhydride, 
fumaric add, itaconic acid and dimeric acid is used, it 
provides an enhanced heat resistance. 

In order to provide a high molecular weight, a poly- 
valent carlsoxylic acid such as (anhydrous) trimellltic 
acid, (anhydrous) pyromellitic acid, (anhydrous) 
3.3',4,4*-benzophenonetetracartx)xylic acki. 1 .2,3.4- 
butanetetracarboxylic ackJ and Epiclon 4400 (available 
from Dainippon Ink & Chemicals, Inc.) or a mixture 
thereof may be partly used. 

The kind of the diol component constituting tiie pol- 
yester is not specifically limited. Examples of the diol 
component employable herein include ethylene glycol, 
propylene glycol. 1 ,2-butylene glycol. 2.3-butylene gly- 
col, 1,3-tMJtylene glycol, 1,4-butylene glycol, 1.4-pen- 
tanediol, 1.5-pentanediol, 2,4-pentanediol, 1,6- 
hexanediol, octanediol, neopentyl glycol, cyclohexaned- 
imethanol. 2,2,4-trimethylpen1ane-1,3-diol, hydrogen- 
ated bisphenol A, xylene glycol, diethylene glycol, 
triethylene glycol, dipropytene glycol, tripropylene gly- 
col, and mixture thereof. 

If a polyoxyalkylene containing many oxygen atoms 
of ether bond is used as diol component(s). it provkJes 
an excellent flexibility. Examples of the polyoxyalkylene 
employable herein include polyethylene glycol, polypro- 
pylene glycol, polybutyl glycol, polypentanediol. polyte- 
tramethylene glycol, and block copolymer of 
polyethylene glycol with polypropylene glycol. 

Further, if an aliphatic dicarboxylic acid component 
and an aliphatic diol component are used as tiie dicar- 
boxylic acid component and diol component constituting 
the polyester, the resulting lactic ackJ-based polyester 
has an excellent biodegradability and flexibility. If such 
conrponents having branched chains are used, tiie 



resulting lactic acid-based polyester tends to have an 
excellent transparency. 

Tiie polyester consisting of dicartxjxylic acid com- 
ponent(s) and diol component(s) can be prepared by 
5 the dehydration, deglycolation condensation or ester 
interchange reaction of dicartxsxylic add component(s) 
and diol component(s) in the presence of an esterifica- 
tion catalyst. 

The polyester consisting of dicarboxylic acid com- 

10 ponent(s) and diol component(s) preferably has a 
weight-average molecular weight of from 10.000 to 
400.000, more preferably from 20,000 to 300,000. If tiie 
weight-average molecular weight of the polyester falls 
below 10,000, satisfactory mechanical and physical 

15 properties cannot be obtained. On the contrary, if tiie 
weight-average molecular weight of the polyester 
exceeds 400.000. it is undesirable from the standpoint 
of productivity and moldability. Further, it Is preferred 
that tiie polyester normally stays solid to undergo little 

20 or no bleeding after moMing. Moreover, if tiie softening 
point of the polyester consisting of dicarboxylic acid 
component(s) and diol component(s) is higher tiian tiiat 
of tiie lactic add-based polyester, the resulting lactic 
add-based polyester composition has an enhanced 

25 heat resistance. 

Examples of the chelating agent enriployat>le herein 
include organic chelating agents and inorganic chelat- 
ing agents. The organic chelating agents have littie 
hygroscopidty and an excellent thermal stability. 

30 TTie organic chelating agents employable herein 
are not specifically limited. Examples of the organic 
chelating agents include amino acids, phenols, hydrox- 
ycarboxylic acids, diketones. amines, oximes, phenath- 
rolines, pyridine compounds, dithio compounds, 

35 phenols induding coordinated atom N, carboxylic acids 
including coordinated atom N, diazo compounds, thiols, 
and porphyrins. 

These organic chelating agents complex a metal 
ion in a catalyst contained in the lactic acid-based poly- 

40 ester composition to deactivate the catalyst. 

Specific examples of tiie amino acids include gly- 
cine, leucine, alanine, serine, a-aminobutyric acid, 
acetylaminoacetic add, glycyl glycine, and glutamic 
add. 

45 Specific exarrples of the phenols indude alizarin, t- 

butylcatechol, 4-isopropyitroboron, chromotropic acid, 

tiron, Qxyne, and propyl gallate. 

Specific examples of the hydroxycartx>xylic acid 

include tartaric acid, oxalic add, citric add, monooctyl 
50 dtrate. dibenzoyl-D-tartaric add, and di-p-toluoyl-D-tar- 

taric acid. 

Specific examples of the diketones include acety- 
lacetone, hexafluoroacetylacetone, benzoylacetone, 
thenoyltrif luoroacetone, and trifluoroacetylacetone. 
55 Specific examples of the amines include ethylene- 
diamine, diethylenetriamine, 1,2,3-triaminopropane, thi- 
odiethylamine, trietiiyltetramine, trietiianolamine, 
tetraethylenepentamine. and pentaethylenehexamine. 

Specific examples of tiie oximes include dimethylg- 
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lyoxime. cx,a-furyldioxime, and salicylaldooxime. 

Specific examples of tfie pfienathrolines include 
neocuproine. and 1.10-phenanthroline. 

Specific examples of the pyridine compounds 
include 2,2-bipyridine. and 2,2'.2"-terpyridyl. 

Specific examples of the dithio compounds include 
xanthogenic acid, diethyldtthiocarbamic add. and tolu- 
ene-3.4-dithiol. 

Specific examples of the phenols including coordi- 
nated atom N include o-aminophenol. oxine, nitroso-R 
salt, 2-nitroso-5-dimethyIaminophenol, 1 -nitroso-2- 
naphthol, and 8-selenoquinollne. 

Specific examples of the cartwxylic acids Including 
coordinated atom N include quinaWinic acid, nitrilot- 
riacetic acid, ethylenediaminediacetic acid, hydroxyeth- 
yletfylenediaminetriacetlc acid, ethylenedlamlnetetra- 
acetic acid, trans-cyclohexanediaminetetraacetic acid, 
diethylenetriamlnepentaacetic acid, trtethylenete- 
traminehexaacetic acid, anilinediacetic acid, 2-sul- 
fbanilinediacetic acid, 3-sulfbaniIinediacetic acid, 4- 
suHbanilinediacetic acid. 2-aminoben2oic acid-N.N- 
diacetic acid chelate. 3-amlnobenzoic acid-N.N^iiacetlc 
acid chelate, 4-aminoben2olc acld-N,N-dlacetic acid 
chelate, methylaminediacetic add. p-aIanine-N,N- 
dlacetic acid chelate, p-aminoethylsulfonic acid-N.N- 
diacetic add chelate, and p-aminoethylphosphonic 
add-N.N-diacetic acid chelate. 

Specific examples of the diazo compounds include 
diphenylcarbazone. magneson, dithizone, eriochrome 
black T, 4-(2-thiazpyla2o)resorcin, and 1-(2-pyridyIazo)- 
2-naphthol. 

Specific examples of the thiols indude thioxine, 
thionalide, 1 , 1 -trlf luoro-4-(2-thienyl)-4-mercapto-3- 
butene-2-one. and 3-mercapto-p-cresol. 

Specific examples of the porphyrins indude tetra- 
phenylporphyrin, tetrakis(4-N-methylpyridyl) porphlne, 
cupferron, murexide, polyethylenelmine. polymethyl- 
acryloylacetone, polyacrillc add, and mixture thereof. 

Among these organic chelating agents, those which 
makes an effident coordinated bonding to metal ions in 
the catalyst contained in the lactic acid-based polyester 
or the polyester consisting of dicarboxylic acid compo- 
nent(s) and did component(s) to Inhibit the break of the 
polymer chain are cartwxylic acid including coordinated 
atom N such as nitrilotrlacetic add, ethylenediamine- 
diacetic acid, tetraethylenepentamine. hydroxyethyleth- 
ylenediaminetriacetlc acid, ethylenediaminetetraacetic 
acid, transcyclohexanediaminetetraacetlc acid, diethyl- 
enetriaminepentaacetlc add and trielhylenetetramine- 
hexaacetic acid, and hydroxycarboxylic acid such as i 
tartaric acid. dibenzoyl-D-tartaric arid. dl-p-toluoyl-D- 
tartaric acid, citric add and monooctyl citrate. In partic- 
ular, the foregoing cartxDxyllc acid including coordinated 
atom N has an excellent thermal stability and storage 
stability. The foregoing hydroxycarboxylic add colors i 
the lactic acid-based polyester little. 

The inorganic chelating agents have a high hygro- 
scopidty. When moistened, the inorganic chelating 
agents lose its effect. Therefore, care must be observed 



in handling it. Specific examples of the inorganic chelat- 
ing agents employable herein include phosphoric acids 
such as phosphoric add. phosphorous acid, pyrophos- 
phoric add and polyphosphoric acid. 

5 The amount of the organic chelating agent or inor- 
ganic chelating agent to be Incorporated depends on its 
kind or the kind and content of the catalyst contained in 
the lactic acid-based polyester or the polyester consist- 
ing of dicarboxylic add component(s) and diol compo- 

10 nent(s) but Is preferably from 0.00 1 to 5 parts by weight 
based on the total weight of the lactic acid-based poly- 
ester and the polyester consisting of dicarboxylic add 
component(s) and diol component(s) or from 0.1 to 100 
parts by wei^t based on 1 part by weight of the catalyst 

15 used. 

The use of any of these chelating agents can mini- 
mize the break of polymer chains. These organic chelat- 
ing agents and inorganic chelating agents may be used 
in admixture. The acidic phosphoric acid ester to be 

20 used in the present invention complexes metal ions in 
the catalyst contained in the lactic acid-based polyester 
composition to deactivate the catalyst and hence exert 
a great effect of inhibiting the break of polymer chains. 
Examples of the addle phosphoric acid ester 

25 Include acidic phosphoric acid ester, phosphonic ackf 
ester, alkylphosphonic acid, and mixture thereof. The 
general formula of such an acidic phosphoric add ester 
will be given below. 



Ri-P-OH 
I 

35 ^2 

wherein represents an alkyi group or alkoxyl group; 
and R2 represents an alkyI group, alkoxyl group or 
hydroocyl group. 

40 Specific examples of the addic phosphoric acid 
ester indude phosphoric add monomethyl. phosphoric 
acid dimethyl, phosphoric acid monoethyl, phosphoric 
add diethyl, phosphoric acid monopropyl, phosphoric 
add dipropyl. phosphoric add monoisopropyl. phos- 

45 phoric acid diisopropyl. phosphoric add monobutyi. 
phosphoric acid dibutyl, phosphoric acid monopentyl, 
phosphoric acid dipentyl. phosphoric add monohexyl. 
phosphoric acid dihexyl. phosphoric acid monooctyl. 
phosphoric acid dioctyl. phosphoric acid mono-2-ethyl- 

50 hexyl, phosphoric add di-2-ethylhexyl. phosphoric acid 
monodecyl, phosphoric add didecyl, phosphoric acid 
monolsodecyl. phosphoric acid dlisodecyl, phosphoric 
add monoundecyl. phosphoric acW diundecyl. phos- 
phoric ackj monododecyt, phosphoric acid didodecyl. 

>5 phosphoric add monotetradecyl. phosphoric add dltet- 
radecyl, phosphoric acid monohexadecyl, phosphoric 
add dihexadecyl. phosphoric add monooctadecyl, 
phosphoric acid diocladecyl. phosphoric add monophe- 
nyl, phosphoric add diphenyl, phosphoric acid 
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monobenzyl. and phosphoric acid dibenzyl. 

Examples of the phosphonic acid ester include 
phosphonic acid monomethyl, phosphonic acid monoe- 
thyl, phosphonic acid monopropyl, phosphonic add 
monoisopropyl, phosphonic acid monobutyl. phos- 
phonic add monopentyl, phosphonic acid monohexyl. 
phosphonic acid monooctyl, phosphonic add 
monoethylhexyl, phosphonic acid monodecyl, phos- 
phonic acid monoisodecyl, phosphonic acid monounde- 
cyl, phosphonic acid monododecyl. phosphonic acid 
monotetradecyl. phosphonic acid monohexadecyl. 
phosphonic acid monooctadecyl. phosphonic acid 
monophenyl. and phosphonic acid monobenzyl. 

Exanrples of the alkylphosphonic add include mon- 
omethylphosphonic acid, dimethylphosphonic acid, 
monoethylphosphonic acid, diethylphosphonic acid, 
monopropylphosphonic acid, dipropyiphosphonic acid, 
monoisopropylphosphonic add, diisopropylphosphonic 
acid, monobutylphosphonic add, dibutylphosphonic 
acid, monopentylphosphonic add, dipentytphosphonic 
acid, monohexylphosphonic acid, dihexylphosphonic 
acid, isooctylphosphonic add. dioctylphosphonic acid, 
monoethylhexylphosphonic acid, diethylhexylphos- 
phonic acid, monodecytphosphonic acid, didecylphos- 
phonic add. monoisodecylphosphonic acid, 
diisodecylphosphonic acid, monoundecylphosphonic 
acid, diundecylphosphonic add. monododecylphos- 
phonic acid, didodecylphosphonic acid, monotetrade- 
cylphosphonic acid, ditetradecylphosphonic acid, 
monohexadecylphosphonic acid, dihexadecylphos- 
phonic add, monooctadecylphosphonic acid, dioctade- 
cylphosphonic acid, monophenylphosphonic acid, 
diphenylphosphonic add, monobenzytphosphonic acid, 
dibenzytphosphonic acid, and mixture thereof. 

These acidic phosphoric acid esters can be well 
dissolved in an organic solvent and thus can be well 
worked and exhibit a good reactivity with lactic acid- 
based polyesters. In particular, the acidic phosphoric 
acid ester exerts a great effect of deactivating the cata- 
lyst. The amount of the acidic phosphoric acid esters to 
be incorporated depends on its kind, the kind of the cat- 
alyst used and the kneading conditions but is preferably 
from 0.001 to 5 parts by weight based on the total 
weight of the lactic acid-based polyester and the polyes- 
ter consisting of dicarboxylic acid component(s) and diol 
component(s) or from 0.1 to 100 parts by weight l3ased 
on 1 part by weight of the catalyst used. 

Examples of the molecular weight increasing agent 
employable herein include polyvalent carboxylic acid, 
metal complex, epoxy compound, isocyanate, and mix- 
ture thereof. 

Examples of the polyvalent carboxylic acid include 
(anhydrous) phthalic acid, (anhydrous) maleic acid, tri- 
methyladipic acid, trimesic acid, (anhydrous) trimellitic 
acid, (anhydrous) pyromellitic acid, (anhydrous) 
3,3',4,4'-ben2ophenonetetracarboxylic acid, 1 ,2,3,4- 
butanetetracarboxylic acid, Epiclon 4400 (available from 
Dainippon Ink & Chemicals, Inc.), and mixture thereof. 
In particular, trifunctional or higher carboxylic acids are 



effective for the rise in the molecular weight of the lactic 
add-based polyester composition and thus are desira- 
ble. 

Exanples of the metal complex include lithium for- 

5 mate, sodium methoxide, potassium propionate, mag- 
nesium ethoxide. calcium propionate, manganese 
acetyl acetonate, cobalt acetyl acetonate. zinc acetyl 
acetonate, cobalt acetyl acetonate. iron acetyl aceto- 
nate, aluminum acetyl acetonate, aluminum isopropox- 

10 ide, and tetrabutoxytitanium. In particular, divalent or 
higher metal complexes are desirable. 

Exanples of the epoxy compound employable 
herein include bisphenol A type diglycidyl ether, 1,6- 
hexanediol diglycidyl ether, trimethylol propane triglyd- 

15 dyl ether, terephthallc acid diglycidyl ester, tetrahy- 
drophthalic add diglycidyl ester, o-phthalic acid 
diglycidyl ester. 3.4-epoxycyclohexylmethyl-3,4-epoxy- 
cyclohexanecarboxylate, bis(3.4-epoxycyclohexyl) adi- 
pate, and tetradecane-1,14-dicarboxylic acid glycidyl 

20 ester. 

Examples of the isocyanate employable herein 
include hexamethylene diisocyanate, 2.4-tolylene diiso- 
cyanate. 2.6-tolylene diisocyanate. xylylene diisocy- 
anate, diphenylmethane diisocyanate, 1,5-naphthylene 

25 diisocyanate, isophorone diisocyanate, hydrogenated 
diphenylmethane diisocyanate. polyether nxxlified by 
diisocyanate. polyester modified by diisocyanate. com- 
pound obtained by modifying polyvalent alcohol by 
bifunctional isocyanate, polyether modified by polyva- 

30 lent isocyanate, polyester modified by polyvalent isocy- 
anate, and mixture thereof. 

Preferred among these molecular weight increas- 
ing agents are polyvalent cartx)xylic acids and metal 
complexes from the standpoint of safety and coloring 

35 properties and aliphatic compounds from the standpoint 
of biodegradability. 

The amount of the molecular weight increasing 
agent to be incorporated depends on its kind but prefer- 
ably is from 0.001 to 5 parts by weight, more preferat)ly 

40 from 0.01 to 2 parts by weight based on 100 parts by 
weight of the total weight of the lactic acid-based poly- 
ester and the polyester consisting of dicartx)xylic acid 
oomponent(s) and diol component(s). 

If the amount of the molecular weight increasing 

45 agent to be incorporated exceeds 5 parts by weight, the 
resulting lactic acid-based polyester composition disad- 
vantageously undergoes gelation or coloring that 
causes a viscosity drop. On the contrary, if the amount 
of the molecular weight increasing agent to be Incorpo- 

50 rated falls below 0.001 part by weight, a sufficient effect 
of increasing molecular weight cannot be exerted. 

The process for the preparation of the lactic add- 
based polyester composition of the present invention 
will be described hereinafter. 

55 Examples of the process for the preparation of the 
lactic acid-based polyester conposition of the present 
invention include a process which comprises the simul- 
taneous melt-kneading of a lactic acid-based polyester 
(A), a polyester consisting of dicarboxylic add compo- 
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nent(s) and diol oomponent(s) and a chelating agent 
and/or acidic phosphoric acid ester (C). a process 
which comprises the melt-kneading of a melt-kneaded 
mixture of a lactic acid-based polyester (A) and a poly- 
ester consisting of dicartwxylic add component(s) and 5 
diol component(s) (B) with a chelating agent and/or 
acidic phosphoric acid ester (C). and a process which 
comprises melt-kneading either of a lactic acid-based 
polyester (A) or a polyester (B) consisting of dicarboxy- 
lic acid component(s) and diol component(s) with a w 
chelating agent and/or addic phosphoric add ester (C). 
and then melt-kneading the resulting material with the 
remainder of said polyester (A) or sard polyester (B), or 
comprises melt-kneading a lactic acid-based polyester 
(A) with a chelating agent and/or acidic phosphoric add 75 
ester (C) and melt-kneading a polyester (B) consisting 
of dicarboxylic add oomponent(s) and diol compo- 
nent(s) witii a chelating agent and/or acidic phosphoric 
acid ester (C), separately, and tfien melt-kneading the 
both resulting materials. 

In particular, from the standpoint of quality, a proc- 
ess is desirable which comprises the melt-kneading of 
the melt-kneaded mixture of a lactic add-based polyes- 
ter (A) and a chelating agent and/or acidic phosphoric 
ackJ ester (C) with a polyester consisting of dicarboxylic 2s 
acid component(s) and diol component(s) (B). 

Alternatively, the lactic acid-based polyester com- 
position can be prepared by tiie melt-kneading of the 
reaction product of a chelating agent and/or addic 
phosphoric acid ester (C). preferably followed by devol- 30 
atilization, with a polyester consisting of dicartx)xylic 
acid component(s) and diol conponent(s) (B) in the final 
stage of synthesis of a lactic acid-based polyester. 

The lactic acid-based polyester composition of tiie 
present Invention can be prepared by tiie melt-kneading 35 
of a lactic add-based polyester (A) and/or a polyester 
consisting of dicarboxylic add component(s) and diol 
component{s) (B) with a molecular w^ght increasing 
agent (D) before or at the same time with tiie melt- 
kneading with a chelating agent and/or acidic phos- 40 
phoric acid ester (C). 

The ratio of the lactic acid-based polyester (A) to 
the polyester consisting of dicarboxylic acid compo- 
nent(s) and diol component(s) (B) in tiie lactic acid- 
based polyester composition is preferably from 99/1 to 4S 
10/90 by weight, particularly from 99/1 to 40/60 by 
weight for higher melting point. 

In order to attain a high stiffness, the ratio (A)/(B) is 
preferably from 99/1 to 70/30 by weight. In order to 
attain an excellent flexibility, tfie ratio (A)/(B) is prefera- so 
biy from 70/30 to 40/60 by weight. The amount of the 
chelating agent and/or acidic phosphoric acid ester (C) 
to be incorporated Is preferably from 0.001 to 5 parts by 
weight based on 100 parts by weight of the total weight 
of (A) and (B). 55 

The kneading of the foregoing components must be 
conducted in such a manner tiiat metal ions in the cata- 
lyst contained in the lactic acid-based polyester (A) or 
the polyester consisting of dicarboxylic acid compo- 



nent(s) and diol component(s) (B) and the chelating 
agent and/or acidic phosphoric acid ester (C) undergo 
thorough coordinate bonding witii each other. To ttiis 
end, these components should be kneaded at a temper- 
ature of from 130*C to 250**C for 1 to 60 minutes, pref- 
erably at a temperature of from 150'C to 220**C for 2 to 
30 minutes. 

The conditions under which the lactic add-based 
polyester (A) and/or polyester consisting of dicart)Oxylic 
add component(s) and diol component(s) (B) are 
kneaded with ttie molecular weight inaeasing agent (D) 
depend on tiie kind and amount of tiie lactic add-based 
polyester, dicartx)xylic acid conrponent, diol component 
and molecular weight increasing agent and thus are not 
specifically limited. However, tiie kneading temperature 
is preferably from 1 30°C to 250°C. The kneading time is 
preferably from 1 minute to 60 minutes. 

In order to add to the misdbility of tiiese compo- 
nents, an ester interchange catalyst may be added. 
Examples of the ester interchange catalyst employable 
herein indude known materials such as metal (e.g., tin. 
zinc, lead, titanium, bismuth, zirconium, germanium, 
cobalt) and compound thereof. Particularly preferred 
among these metal compounds are organic metal com- 
pounds, carbonates and halides. 

In some detail, tin octanate, tin chloride, zinc chlo- 
ride, zinc acetate, lead oxide, lead carbonate, titanium 
chloride, diacetoacetoxyoxy titanium, tetraetiioxy tita- 
nium, tetrapropoxy titanium, tetrabutoxy titanium, ger- 
manium oxide, and zirconium oxide are preferred. The 
amount of such an ester interchange catalyst to be 
incorporated is preferably from 0.001 to 2 parts by 
weight, more preferably from 0.002 to 0.5 part by weight 
based on 100 parts by weight of the reaction compo- 
nents from the standpoint of reaction rate and coloring 
properties. 

The esterification conditions depend on the kind 
and amount of the ester interchange catalyst, lactic 
add-based polyester, dicarboxylic acid component, diol 
component and molecular weight increasing agent (D) 
used and thus are not specifically limited. In some 
detail, the reaction temperature is preferably from 
130"C to 250*C. The reaction time is preferably as long 
as possible to allow tiie reaction to proceed thoroughly. 
In some detail, the reaction time is preferably from 1 to 
10 hours from the standpoint of productivity. 

In order to improve the tiiermal stability and storage 
stability of the lactic acid-based polyester composition 
of tiie present invention, it Is preferred that the residual 
volatile components, particularly residual lactide. be 
devolatilized away from the composition under reduced 
pressure. Thedevolatilization is preferably effected after 
tiie melt-kneading of tiie chelating agent and/or acidic 
phosphoric add ester to effectively reduce the residual 
volatile components. 

In order to inhibit the decomposition or coloring of 
ttie polymer during kneading or devolatilization, the 
atmosphere in which kneading or devolatilization is 
effected is preferably an inert gas. In particular, knead- 
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ing is preferably effected in an atmosphere of nitrogen 
or argon. Further, the lactic acid-based polyester, poly- 
ester consisting of dicarboxylic acid component(5) and 
diol component(s). chelating agent, acidic phosphoric 
acid ester, molecular weight increasing agent, etc. are 5 
preferably dried to remove water content therefrom 
before being kneaded. 

The preparation of the lactic acid-based polyester 
composition may be effected in the presence of a sol- 
vent The use of a solvent makes It possible to lower the 10 
viscosity of the resulting lactic acid-based polyester 
composition and hence minimize the local heat genera- 
tion due to shearing heat during kneading, thereby min- 
imizing coloring. Examples of the solvent employable 
herein include benzene, toluene, ethylbenzene, xylene, is 
cyclohexanone, and isopropyl ether. 

The lactic acid-based polyester composition thus 
ok>tained preferably has a molecular weight of more 
than a certain value. The optimum molecular weight of 
the lactic acid-based polyester composition greatly var- 20 
ies with the kind, combination, amount and kneading 
conditions of the lactic acid-based polyester, polyester 
consisting of dicartx)xytic add component(s) and did 
component(s), chelating agent, acidic phosphoric add 
ester, molecular weight Increasing agent, etc. However. 2s 
the weight-average molecular weight of the lactic acid- 
based polyester composition is preferably from 20,000 
to 400,000. more preferably from 30,000 to 300,000 
from the standpoint of quality and mokiability. If the 
weight-average molecular weight of the lactic acid- 30 
based polyester composition falls below 20,000. satis- 
factory mechanical and physical properties cannot be 
obtained. On the contrary, if the weight-average molec- 
ular weight of the lactic acid-based polyester exceeds 
400,000, It Is undesired from the standpoint of moldabil- 3S 
ity or productivity. 

The molding process of the lactic acid-based poly- 
ester composition of the present invention will be 
described hereinafter. 

Examples of the molding process of the composi- 40 
tion of the present invention comprising a lactic acid- 
based polyester (A), a polyester consisting of dicarbox- 
ylic acid component(s) and diol component(s) (B) and a 
chelating agent and/or acidic phosphoric acid ester (C) 
include a process which comprises kneading a lactic 45 
acid-based polyester (A) and a polyester (B) consisting 
of dicart)oxylic add component(s) and diol compo- 
nent(s) with a chelating agent and/or acidic phosphoric 
acid ester (C), and then molding the material, a process 
which comprises melt-kneading a melt-kneaded mix- so 
ture of a lactic acid-based polyester (A) and a polyester 
(B) consisting of dicarboxylic add confponent(s) and 
diol component(s) with a chelating agent and/or addic 
phosphoric acid ester (C), and then molding the mate- 
rial, a process which comprises kneading a lactic acid- ss 
based polyester (A) and a polyester consisting of dicar- 
boxylic acid component(s) and diol component(s) (B) 
with a chelating agent and/or acidic phosphoric add 
ester (C). or kneading a melt-kneaded mixture of a lactic 



add-based polyester (A) and a polyester consisting of 
dicarboxylic acid component(s) and diol conrponent(s) 
(B) with a chelating agent and/or addic phosphoric acid 
ester (C), removing volatile components therefrom 
under reduced pressure, and then molding the material, 
a process which comprises melt-kneading a lactic add- 
based polyester (A) with a chelating agent and/or acidic 
phosphoric acid ester (C), removing volatile compo- 
nents therefrom under reduced pressure, kneading the 
material with a polyester consisting of dicarboxylic acid 
component(s) and diol component(s} (B). and then 
molding the material, and the foregoing process 
wherein said lactic add-based polyester (A) and/or pol- 
yester (B) consisting of dicart3oxylic acid component(s) 
and diol component(s) is melt-kneaded with a molecular 
weight increasing agent (D) before or at the same time 
with the melt-kneading with said chelating agent and/or 
addic phosphoric acid (C). 

Various additives, polymers, fillers, etc. may be 
added to the system during the preparation, molding, 
etc. of the lactic add-based polyester composition. 

For example, as a viscosity modifier there may be 
kneaded a polyvalent alcohol such as trimethylolethane. 
trimethylolpropane, pentaerythritol and glycerin. Fur- 
ther, a polyester comprising a hydroxycarboxylic acid 
component other than lactic acid, cyclic ester, etc. may 
be added in an amount of from 1 to 50% by weight 
depending on purposes such as softening the lactic 
add-based polyester composition and enhandng the 
mechanical strength and heat resistance of the lactic 
add-based polyester composition. 

These conponents are not specifically limited. Spe- 
cific examples of the components which can be added 
include polyhydroxycarboxylic acid comprising 3- 
hydroxybutyric acid. 4-hydroxybutyric acid, 3-hydroxy- 
valeric add, 4-hydroxyvaleric acid, 5-hydroxyvaleric 
add, glycolic add. dimethylglycolic acid, p-hydroxypro- 
panic add, a-hydroxybutyric acid, a-hydroxycaproic 
acid, p-hydroxycaproic acid, r^^ydroxycaproic add. 6- 
hydroxycaproic acid, 6-hydroxymethylcaproic acid, e- 
hydroxycaproic add. e- hydroxy methylcaproic acid, etc., 
polymer of cydic ester such as gtycolide. e-caprolac- 
tone. r-valerolactone. y^undecalactone, p-methyl-5- 
valerolactone and meso-lactide, and mixture of copoly- 
mer thereof. 

Further, the lactic acid-based polyester composi- 
tion of the present invention can be thoroughly plasti- 
cized as it is and thus can be easily molded. If it is 
desired to render the lactic acid-based polyester com- 
position highly fluid or flexible, the lactic acid-based pol- 
yester composition may comprise a plasticizer such as 
diethyl sucdnate, dibutyl succinate, dioctyl adtpate, die- 
thyl sebacate, dibutyl sebacate, dioctyl sebacate, dibutyl 
sebacate, dibutyl azelate, trioctyl trimellitate. diethyl 
phthalate, dioctyl phthalate. polypropylene glycol adi- 
pate and butanediol adipate incorporated therein. 

Particularly preferred among these plasticizers is 
an adipic add-based polyester plasticizer because of its 
great effect of improving the fluidity or flexibility. In par- 
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ticular, an adipic add-based polyester plasticizer having 
a weight-average molecular weight of not more than 
20.000 terminated by alcohol or the like is preferred 
because of its good stability during molding. 

The amount of such a plasticizer to be used is not 
specifically limited. For the purpose of avoiding a phe- 
nomenon in which excess plasticizer is eluted from the 
polymer, i.e., bleeding, the plasticizer is preferably Incor- 
porated in an amount of from 1 to 40% based on the 
weight of the lactic ackJ-based polyester composition. A 
plasticizer which has a high softening point and nor- 
mally stays solid tends to be subject to little bleeding. 

The lactic acid-based polyester composition of the 
present invention may further comprise a metallic soap 
such as zinc stearate. magnesium stearate, calcium 
stearate, barium stearate and sodium palmitate. and 
lubricant such as mineral oil, liquid paraffin, stearic acid 
and ethylene-bis-stearamide incorporated therein. 

Further, surface active agents such as anionic sur- 
face active agent (e.g.. carboxyiate, sulfonate, sulfuric 
acid ester, phosphoric add ester), a cationic surface 
active agent (e.g., aliphatic amine salt, aliphatic quater- 
nary ammonium salt, aromatic ammonium salt, hetero- 
cydic ammonium salt), an amphoteric surface active 
agent (e,g.. betaine, aminocarboxylate, imidazoline 
derivatives), a nonionic surface active agent (e.g.. etiier 
type surface active agent such as alkylether, alkylallyl 
polyalkyleneether and polyoxyethylene polyoxypropyl 
alkyi ether, ether ester type surface active agent such as 
glycerol ester polyoxyethylene ether and sorbitan ester 
polyoxyethylene ether, ester type surface active agent 
such as polyethylene glycol fatty acid ester, glycerin 
ester, propylene glycol ester and sucrose fatty add 
ester, and nitrogen-containing type surface active agent 
such as aliphatic alkanolamide, polyoxyethylene fatty 
acid amide, polyoxyethylene alkylamine and amine 
oxide) may be added. 

The amount of the lubricant or surface active agent 
to be incorporated is preferably from 0.01 to 5 parts by 
weight based on 100 parts by weight of the lactic acid- 
based polyester composition. 

In order to enhance tiie heat resistance and stiff- 
ness of tiie lactic add-based polyester, the lactic acid- 
based polyester composition may comprise an ordinary 
filler such as inorganic filler (e.g., talc, caldum carbon- 
ate, silica, day, diatomaceous earth, perlite) and 
organic filler (e.g.. wood flour, starch, cellulose, cellu- 
lose derivatives) incorporated therein. The amount of 
the filler to be added is not specifically limited. The filler 
is preferably added in an amount of from 1 to 50 parts 
by weight based on 100 parts by weight of the lactic 
acid-based polyester composition. 

Further, an antioxidant, tiiermal stabilizer, ultravio- 
let absorber, antistatic agent, flame retardant, wax, 
crystallization accelerator or the like may be added to 
the polymer during the kneading process or tine like. 
The amount of such an additive to be added is prefera- 
bly from 0.01 to 5 parts by weight based on 100 parts by 
weight of tiie lactic acid-based polyester conposition. 



Specific examples of the antioxidant include 2,6-di-t- 
butyl-p-cresol. butylated hydroxyanisole. 2,6<li-tert- 
butyl-4-ethylphenol. distearyl^,3'-thiodipropionate, and 
dilauryl-3,3*-thiodipropionate. Specific examples of the 
5 thermal stabilizer include triphenyl phosphite, trilauryl 
phosphite, and trisnonylphenyl phosphite. Specific 
examples of the ultraviolet absorber indude p-t4xityl- 
phenyl salicylate, 2-hydroxy-4-methoxybenzophenone, 
2-hydroxy-4-methoxy-2'-carboxybenzophenone, and 
10 2,4,5-t'ihydroxybutyrophenone. Specific examples of 
the antistatic agent include N,N-bis(hydroxye- 
tiiyl)alkylamine, alkyI amine. alkyI allyl sulfonate, and 
alkyI sulfonate. Specific examples of the flame retardant 
indude hexabromocydodedecane. tris-(2,3-dichloro- 
75 propyl)phosphate, and pentabromophenylallyl ether. 
Further, a colorant such as titanium oxide and carbon 
blacK or the like may be incorporated in the lactic add- 
based polyester composition. 

The apparatus for the preparation of the lactic add- 
20 based polyester composition employable herein will be 
described hereinafter. 

The apparatus for the preparation of the lactic add- 
based polyester composition of the present invention is 
not specifically limited. In order to knead the lactic acid- 
25 based polyester, polyester consisting of dicarboxytic 
add component(s) and diol component(s). chelating 
agent and/or acidic phosphoric acid ester, molecular 
weight incre^ing agent, etc., an extruder, kneader. 
reactor or the like may be used. 
30 As the extruder tiiere may be used a single saew 
extruder or twin-screw extruder. The twin-screw 
extruder is preferred from the standpoint of kneading 
capacity. Further, the extruder is preferably vented to 
remove the residual volatile components under reduced 
35 pressure immediately after kneading. The vent prefera- 
bly has a large opening area. A plurality of. particularly 
2 to 5. such vents are preferably provided to reduce the 
volatile content. As the kneader thee may be used a 
batch or continuous kneader. 
40 As the reactor there may be used an ordinary reac- 
tion vessel. Since the substance to be kneaded has a 
high viscosity that causes a stirring heat by shearing 
stress in stimng that in turn causes a molecular weight 
drop or coloring, a static mixer which can provide uni- 
45 form mixing at a small shearing force is preferably used. 
In some detail, the kneading of the foregoing com- 
ponents is preferably effected at a temperature of from 
1 30"C to 250»C under a pressure off from 0.01 to 50 torr 
to remove residual volatile components, particularly 
so residual lactide, from the lactic acid-based polyester 
composition. 

These components are preferably kneaded in the 
kneading machine in an atmosphere of inert gas witiiout 
being brought into contact with tiie extemal atmos- 
55 phere. 

As the devolatilizing apparatus for removing volatile 
components, solvent and malodorous components from 
the lactic acid-based polyester composition there may 
be preferably used a vessel type devolatilizer, tiiin film 
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type devolatilizer or vented extruder, particularly vented 
biaxial extruder. With such a devolatilizing apparatus, 
the lactic acid-based polyester composition is preferably 
continuously devolatilized and pelletized. Thus, these 
devolatilizing apparatus are reconnmendable. 5 

Examples of the vessel type devolatilizer employa- 
ble herein include those disclosed in JP-A-59- 166506, 
JP-A-61 -228012. and JP-A-2-209902. In some detail, 
the vessel type devolatilizer preferably comprises a ver- 
tical shell-and-tube heat exchanger and a devolatilizing 10 
tank. In this arrangement, the vertical shell-and-tube 
heat exchanger for heating the reaction solution taken 
out from the kneading process is preferably provided on 
the devolatilizing tank so tiiat the reaction solution which 
has passed ttirough tiie heat exchanger immediately is 
flows down through the devolatilizing tank while being 
foamed. Two of such an apparatus are preferably con- 
nected in series with each other to provide an enhanced 
devolatilizing efficiency. 

The thin film type devolatilizer is preferably 20 
equipped with a cylindrical vertical external wall, an agi- 
tator blade provided thereinside for pressing a liquid 
material against the wall surface and a mechanism pro- 
vided in tiie lower zone for taking out the reaction solu- 
tion processed out of tiie apparatus. Furtiier. the lactic 2s 
acid-based polyester composition may be devolatilized 
under reduced pressure on heating in a drier or fluid 
drier. 

Referring further to the conditions of devolatilization 
by tiie devolatilizing apparatus, in order to effectively so 
remove volatile components from the lactic acid-based 
polyester composition or inhibit tiie re-generation of lac- 
tide from the lactic acid-based polyester composition, 
the drop of the molecular weight of the lactic acid-based 
polyester composition and the coloring of the lactic acid- 35 
based polyester composition, tiie devolatilization is pref- 
erably effected at a temperature of from 130^C to 
250*'C, more preferably from 150°C to 220**C, under a 
pressure of from 0.1 to 50 torr. preferably from 0.1 to 30 
torr, more preferably from 0.1 to 20 torr, for from 0.5 to 40 
30 minutes, preferably from 0.5 to 15 minutes, more 
preferably from 0.5 to 5 minutes. 

Referring to the conditions of devolatilization by a 
drier, tiie devolatilization Is preferably effected at a tem- 
perature of from 60*^0 to 240''C under a pressure of 45 
from 0.1 to 50 torr for 5 to 400 minutes to inhibit the drop 
of tiie molecular weight of the pelletized or crushed 
product of the hydroxycartx)xylic acid-based polyester 
composition thus obtained. 

The devolatilization is preferably effected in an so 
atmosphere of inert gas without causing tiie material to 
be brought into contact with the external atmosphere. 
Under these devolatilizing conditions, tiie content of 
residual lactide in tiie lactic acid-based polyester com- 
position, which is normally from 2% to 5% by weight. 55 
can be reduced to not more than 1.0% by weight 
optionally to not more than 0.1% by weight. 

The chelating agent and/or acidic phosphoric add 
ester and tiie molecular weight increasing agent may be 



supplied into a kneading machine or devolatilizing appa- 
ratus at a feed line provided therein during tiie kneading 
or devolatilization of tiie lactic acid-based polyester or 
polyester consisting of dicarboxylic acid component(s) 
and diol component(s). 

Otiier examples of the method for eliminating tiie 
residual volatile components include a reprecipitation 
method which comprises dissolving the lactic add- 
based polyester composition in a solvent, and then add- 
ing tiie solution to a poor solvent. Examples of tiie sol- 
vent for dissolving the lactic acid-based polyester 
composition therein include benzene, toluene, ethyfben- 
zene. xylene, cylohexanone, methyl ethyl ketone, 
methyl isobutyl ketone, tetrahydrofuran. dioxane. metiiyl 
isobutyl ketone, methyl ethyl ketone, isopropyletiier. 
dichloromethane, chloroform, carbon tetrachloride, 
chlorobenzene, dichlorobenzene, trichlorobenzene, 
chloronaphthalene, and mixture thereof. Examples of 
the poor solvent include water, metiianol. ethanol, pro- 
pane!, butanol, pentane. hexane. heptane, octane, non- 
ane, decane, dietiiylether, and mixture thereof. 

The reprecipitation process is preferably effected by 
a process which comprises dissolving the lactic add- 
based polyester composition in a solvent at a concen- 
tration of from 2 to 20% by weight at room temperature 
or an elevated temperature, gradually adding tiie solu- 
tion to a poor solvent in an amount of twice to 15 times 
that of the solution with stirring, and then allowing the 
solution to stand for 10 to 180 minutes to effect precipi- 
tation. The residual solvent or volatile components are 
then removed from tiie precipitate tiius obtained under 
reduced pressure and/or heating. 

In accordance with this process for the removal of 
lactide. the content of residual lactide in the lactic acid- 
based polyester composition, which is normally from 
atx)ut 2 to 5% by weight, can be reduced to not nrK>re 
tiian 1 .0%. optionally to not more than 0.1%. 

As anotiier method for eliminating the residual vola- 
tile components tiiere may be used a solvent cleaning 
metiiod which comprises adding the lactic add-based 
polyester composition to a poor solvent for polymer 
capable of dissolving the volatile components therein to 
remove the volatile components from tiie composition. 
Examples of the solvent for cleaning the lactic add- 
based polyester composition include propyl acetate, 
butyl acetate, methyl butyrate, ethyl butyrate, cyclohex- 
anone, methyl ethyl ketone, methyl isobutyl ketone, 
metiiyl etiiyl ketone, isopropyl ether, methanol, ethanol. 
propanol, butanol. dietiiylether. and mixture thereof. 

The cleaning process is preferal^ly effected by a 
process which comprises adding the lactic add-based 
polyester composition to the solvent in an amount of 
from 2 to 80 parts by weight based on 100 parts by 
weight of the solvent at room temperature or under cool- 
ing or heating, stirring the mixture for 2 to 15 minutes, 
taking out the polymer thus precipitated, and then dry- 
ing tiie polymer under reduced pressure and/or heating. 

For tiie molding of a melt-kneaded mixture of tiie 
lactic acid-based polyester, polyester consisting of 
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dicarboxylic acid component(s) and diol oomponent(s). 
chelating agent, acidic phosphoric acid ester, molecular 
weight inaeasing agent, etc.. an ordinary molding 
machine, particularly a molding machine used for ther- 
moplastics, may be used. 5 

Specific examples of such an ordinary molding 
machine include film extruder, sheet extruder, contour 
extruder, inflation molding machine, foamed sheet 
extruder, injection molding machine, injection blow 
molding machine, and direct blow molding machine. io 
The molding conditions depends on the molecular 
weight, conposition ratio, and molding process of a mix- 
ture or melt-kneaded mixture of the lactic acid-based 
polyester, polyester consisting of dicaiboxylic acid com- 
ponent(s) and diol component(s), chelating agent, is 
acidic phosphoric add ester, etc. The molding tempera- 
ture is from 1 10*^0 to 250*C, preferably from 120^0 to 
220°C. If the molding is accompanied by devolatillza- 
tion, the pressure is preferably from 0.01 to 50 ton*. 

The preparation process of the present invention 20 
can provide various lactic acid-based polyester compo- 
sitions having different properties ranging from high 
hardness to high flexibility. The lactic acid-based poly- 
ester composition obtained according to the present 
invention has an excellent heat resistance and storage 25 
stability. The lactic add-based polyester composition of 
the present invention further has a tensile elastic modu- 
lus of from 500 to 50,000 l^cm^. Therefore, the lactic 
acid-based polyester composition of the present inven- 
tion can be widely used as a packaging material such as 30 
sheet and film which is normally made of general-pur- 
pose polymer and various materials such as foaming 
material, extrusion molding material, injection molding 
material, blow molding material, material used for ink 
and material used for lamination. 35 

The lactic add-based polyester composition 
obtained according to the present invention also has a 
good biodegradability. Therefore, when discaided after 
used as a packaging material, foaming material, extru- 
sion mowing material, injection molding material, blow 40 
molding material, material used for ink, material used 
for lamination or the like or discarded during the prepa- 
ration process, the lactic add-based polyester composi- 
tion helps reduce the weight of waste. In particular, 
when discarded in the sea. the lactic acid-based polyes- 4S 
ter composition of the present invention is subject to 
hydrolysis and biodegradation. In the sea water, the pol- 
ymer shows a strength deterioration in one or two years 
and undergoes decomposition to an extent such that its 
original shape is desfroyed. so 

Further, the lactic acid-based polyester composi- 
tion of the present invention has a less residual lactide 
and hence an excellent thermal stability and storage 
stability. Thus, the lactic add-based polyester composi- 
tion of the present invention is less subject to polymer ss 
decomposition during molding. Thus, the lactic acid- 
based polyester composition of tiie present invention 
has an excellent moldability. Accordingly, the lactic acid- 
based polyester of tiie present invention can be molded 



by various methods such as extrusion molding, injection 
molding. Wow molding, inflation molding, lamination 
molding and press nrolding using an existing apparatus 
used for general-purpose resin. The resulting molded 
products can be subjected to secondary molding such 
as printing, plating and vacuum metallizing. The molded 
products, if in the form of film or sheet, can be subjected 
to secondary molding such as bag-forming, vacuum 
forming and pressure forming. 

Because of its excellent properties, the lactic add- 
based polyester composition obtained according to the 
present invention can be used as a packaging material 
such as tray, foamed ti-ay, stretched film, shrink film, 
drink bottle and blister for tootfibrush, an agricultural 
and gardening material such as film for green house, 
tunnel film, mulch film, vegetation sheet, seedling pot. 
string containing seed and fertilizer and agricultural 
chemical covering agent, a civil engineering material 
such as vegetation net made of flat yarn, heavy-duty 
bag, molding for consfruction, sheet and lawn-stopping 
pile, a fishing material such as fishing net. laver-farming 
net, fishing line and fishing bait bag, sanitary goods 
such as paper diaper, sanitary goods packaging male- 
rial and syringe, daily and sundry goods such as dust 
bag. vinyl bag, polyetiiylene bag, dish drainer net. bind- 
ing tape, IC card, magnetic card, recording card, guar- 
antee card, pen, marker, label, releasing paper, golf tee, 
grip of disposable razor, disposable dish, disposable 
spoon, disposable folk, paper lamination container, cos- 
metic bottie. shampoo bottie. rinse bottle, book cover 
and OHP film, a medical material such as joint material 
for bones, DDS material, stitching fber and wound cov- 
ering material, a releasing material for repellent or anti- 
fungus agent, a water-retaining sheet, air-cleaning filter, 
vegetation sheet, tunnel sheet and weed-killing bag 
made of nonwoven fabric dotii, and various cushioning 
materials. 

The present invention will be further described In 
tfie following examples and comparative examples. The 
part{s) as used herein is by weight unless othenwse 
defined. The molecular weight, residual lactide content, 
melting point, thermal stability, storage stability and bio- 
degradability were measured by the following metiiods: 

The molecular weight is measured by gel permea- 
tion chromatography (GPC) as calculated in terms of 
polystyrene. The residual lactide content was measured 
by high speed liquid chromatography For ttie measure- 
ment of tfie mating point, a differential scanning type 
calorimeter DSC-200 available from Seiko Corp. The 
measurement of melting point was effected at a temper- 
ature rising rate of 10'C/min. The melting point was 
determined from tfie resulting melting-endotfiermal 
curve. 

For tiie measurement of ttie tfiermal stability, a 250- 
ixm tfiick sheet specimen was allowed to stand at a tem- 
perature of 220^C under a reduced pressure of 5 torr for 
10 minutes. The drop of weight and molecular weight 
was determined to evaluate tiie tiiermal stability For ttie 
measurement of storage stability, a 250-|im thick sheet 
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specimen was allowed to stand at a temperature of 
23*C and a humidity of 50% for 3 months. The drop of 
molecular weight was determined to evaluate storage 
stability. 

For the biodegradability test. Type 100 Tombo Mira- 
cle Compo (100-/ composting container available from 
Shinki Gosei K.K.) was used. 50 kg of garbage from the 
kitchen was put in the composting container. A 10 cm x 
10 cm sheet specimen was then put on the garbage. 
Garbage was then accumulated on the specimen to a 
thickness of about 5 cm. The garbage was then sprin- 
kled with 500 g of Newkusaminon (compost accelerant 
available from Aron Kasei Co.. Ltd.). The arrangement 
was installed outdoors. After 1 month, the specimen 
was taken out. As a result, the specimen was found rag- 
ged to an extent such that the original shape was 
destroyed all in the examples and comparative exam- 
ples. 

EXAMPLE 1 

• 70 parts of a polylactic acid (L-lactide/D-lactide = 
98/2; weight-average molecular weight: 196.000). 30 
parts of an aromatic polyester (terephthalic acid: 25 
mol-%: isophthalic acid: 25 mol-%; ethylene glycol: 20 
mol-%; neopentyl glycol: 30 mol-%: weight-average 
molecular weight: 55.400) and 0.2 part of tartaric add 
were mixed. The mixture was supplied into a vented 
biaxial extruder which had been adjusted to a tempera- 
ture of 180''C where it was then devolatilized and pal- 
letized under a pressure of 5 torr while being melt- 
kneaded. 

The lactic acid-based polyester composition thus 
obtained showed a weight-average molecular weight of 
141.000. The lactic acid-based polyester composition 
apparently looked colorless and transparent and was 
almost odorless. The lactic acid-based polyester com- 
position had a residual lactide content of 0.2%. Further, 
the lactic acid-based polyester composition showed a 
melting point of 163**C, a drop of 1% and 2% in the 
weight and molecular weight, respectively, after thermal 
stability test and a molecular weight drop of 2% after 
storage statMlity test. Thus, the lactic acid-based polyes- 
ter composition thus obtained showed an excellent sta- 
bility. 

EXAMPLE? 

90 parts of a lactic acid-based polyester (L-lac- 
tide/D-lactide/glycolide = 93/2/5; weight-average molec- 
ular weight: 189.000), 10 parts of an aliphatic polyester 
(sebasic acid: 50 mol-%; propylene glycol: 50 mol-%; 
weight-average molecular weight: 38.000) and 0.2 part 
of a mixture of mono-2-ethylhexyl phosphate and di-2- 
ethylhexyi phosphate were mixed. The mixture was sup- 
plied into a vented biaxial extruder which had been 
adjusted to a temperature of 180*'C where it was then 
devolatilized and pelletized under a pressure of 5 tonr 
while being melt-kneaded. The lactic acid-based poly- 



ester composition thus obtained showed a weight-aver- 
age molecular weight of 158.000. 

The lactic acid-based polyester composition appar- 
ently looked colorless and transparent and was almost 

5 odorless. The lactic acid-based polyester composition 
had a residual lactide content of 0.1%. Further, tiie lac- 
tic acid-based polyester composition showed a melting 
point of leS'C, a drop of 1% and not more tiian 1% in 
the weight and molecular weight, respectively, after 

10 thermal stability test and a molecular weight drop of 1% 
after storage stability test. Thus, the lactic add-based 
polyester composition thus obtained showed a very 
excellent stability. 

75 EXAMPLES 

80 parts of a poly-L-lactic acid (weight-average 
molecular weight: 203.000), 10 parts of a poly- D,L- lactic 
add (weight-average molecular weight: 185.000). 10 

20 parts of an aliphatic polyester (sebasic add: 49 mol-%; 
anhydrous pyromellitic acid: 1 mol-%; polypropylene 
glycol having a molecular weight of 1.000: 40 mol-%; 
propylene glycol: 10 mol-%; weight-average molecular 
weight: 1 13.000), 0.4 part of ethylenediaminetetraacetic 

25 add. and 0.1 part of triphenyl phosphite were mixed. 
The mixture was supplied into a vented biaxial extruder 
which had been adjusted to a temperature of ISO'^C 
where it was then devolatilized and pelletized under a 
pressure of 5 torr while being melt-kneaded. The lactic 

30 add-based polyester composition thus obtained 
showed a weight-average nrtolecular weight of 171,000. 
The lactic acid-based polyester composition apparentiy 
looked light-yellowish and transparent and was almost 
odorless. The lactic acid-based polyester composition 

35 had a residual lactide content of not more than 0.1%. 
Further, the lactic acid-based polyester composition 
showed a melting point of 165°C, a drop of 1% and not 
more than 1% in the weight and molecular weight, 
respectively, after thermal stability test and a molecular 

40 weight drop of 1% after storage stability test. Thus, the 
lactic acid-based polyester composition thus obtained 
showed a very excellent stability. 

EXAMPLE 4 

45 

90 parts of a poly-L-lactic acid (weight-average 
molecular weight: 203.000). 10 parts of an aliphatic pol- 
yester (metiiylsuccinic acid: 49 mol-%; maleic anhy- 
dride: 1 mol-%; dipolypropylene glycol component: 50 
50 mol-%; weight-average molecular weight: 43.000), and 
0.2 part of pyrophosphoric acid were mixed. The mix- 
ture was supplied into a vented biaxial exti-uder which 
had been adjusted to a temperature of 180''C where it 
was then devolatilized and pelletized under a pressure 
55 of 5 torr while being melt-kneaded. 

The lactic acid-based polyester composition thus 
obtained showed a weight-average molecular weight of 
167.000. TTie lactic acid-based polyester composition 
apparently looked colorless and transparent and was 
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almost odorless. The lactic acid-based polyester com- 
position had a residual lactide content of 0.3%, Further, 
the lactic acid-based polyester conposition showed a 
melting point of 170*»C. a drop of 2% and 1% in the 
weight and molecular weight, respectively, after themial 
stability test and a molecular weight drop of 2% after 
storage stability test. Thus, the lactic acid-based polyes- 
ter composition thus obtained showed an excellent sta- 
bility. 

EXAMPLES 

70 parts of a poly-L-lactic acid (weight-average 
molecular weight: 203,000), 10 parts of Piaccel H-7 
(available from Dicel Chemical Industries, Ltd.), 20 
parts of an aliphatic polyester (sebasic acid: 50 mol-%; 
1,4-butanediol: 50-mol%; weight-average molecular 
weight: 46,000). 0.4 part of ethylenediaminetetraacetic 
acid, and 0.2 part of a mixture of monooctadecyl phos- 
phate and dioctadecyl phosphate were mixed. The mix- 
ture was supplied into a vented biaxial extruder which 
had been adjusted to a temperature of 180°C where it 
was then devolatilized and pelletized under a pressure 
of 5 torr while being melt-kneaded. 

The lactic acid-based polyester composition thus 
obtained showed a weight-average molecular weight of 
144.000. The lactic add-based polyester composition 
apparentiy looked colorless and was almost odorless. 
The lactic acid-based polyester composition had a 
residual lactide content of 0.1%. Further, the lactic acid- 
based polyester composition showed a melting point of 
1 62«C, a drop of 1% and not more than 1 % in the weight 
and molecular weight, respectively, after thermal stabil- 
ity test and a molecular weight drop of 1% after storage 
stability test. Thus, tiie lactic acid-based polyester com- 
position tiius obtained showed a very excellent stability. 

EXAMPLE 6 

82 parts of a poly-L-laclic add (weight-average 
molecular weight: 203.000), 18 parts of a pdy-D.L-lactic 
acid (weight-average molecular weight: 185,000), and 
0.2 part of a mixture of monostearyl phosphate and dis- 
tearyl phosphate were mixed. The mixture was supplied 
into a vented biaxial extruder which had been adjusted 
to a temperature of 180*C where it was tiien devolatil- 
ized under a pressure of 5 torr while being melt- 
kneaded to obtain a pellet PI . 

Separately, 100 parts of an aliphatic polyester 
(azelaic acid: 50 mol-%: tripropylene glycol: 35 mol-%: 
ethylene glycol: 15 mol-%; weight-average molecular 
weight: 41,000) and 0.4 part of ethylenediamine- 
tetraacetic acid were kneaded in a reactor which had 
been adjusted to a temperature of 1 80*C for 30 minutes 
to obtain a mixture LI. 

PI and LI were supplied through a feeder into a 
vented biaxial extruder which had been adjusted to a 
temperature of 180**C in such a manner that P1/L1 was 
92/8. Under these conditions, the mixture was devolatil- 



ized under a pressure of 5 ton- while being melt- 
kneaded to obtain a lactic add-based polyester compo- 
sition in the form of pellet. The lactic add-based polyes- 
ter conposition thus obtained showed a weight-average 
5 molecular weight of 1 76,000. The lactic add-based pol- 
yester composition apparently looked light-yellowish 
and transparent and was almost odorless. The lactic 
add-based polyester composition had a residual lactide 
content of not more than 0.1%. Further, tiie lactic add- 
10 based polyester composition showed a melting point of 
lee^'C. a drop of not more than 1% each in the weight 
and molecular weight after thermal stability test and a 
molecular weight drop of not more than 1% after stor- 
age stability test. Thus, the lactic acid-based polyester 
75 composition tfius obtained showed a very excellent sta- 
bility. 

EXAMPLE 7 

20 97 parts of a poly-L-lactic acid (weight-average 
molecular weight: 203,000). 3 parts of a poly-D-lactic 
add (weight-average molecular weight: 192,000). and 
0.2 part of a mixture of monohexadecyl phosphate and 
dihexadecyl phosphate were supplied tiirough a feeder 
25 Into a vented biaxial extruder which had been adjusted 
to a temperature of 180°C. Under ttiese conditions, the 
mixture was devolatilized and pelletized under a pres- 
sure of 5 torr while being melt-kneaded. 

60 parts of the pellet thus obtained and 40 parts of 
30 an aliphatic polyester (dodecanedicart>oxyiic add: 50- 
mol%; 1.6-hexanediol: 50-mol%; weight-average 
molecular weight: 44,000) were then supplied to a 
vented biaxial extruder which had been adjusted to a 
temperature of ISO^'C. Under these conditions, the mix- 
35 ture was devolatilized while being melt-kneaded to 
obtain a lactic acid-based polyester composition in the 
form of pellet 

The lactic acid-based polyester composition thus 
obtained showed a weight-average molecular weight of 
40 140,000. The lactic acid-based polyester composition 
apparently looked colorless and was almost odorless. 
The lactic add-based polyester composition had a 
residual lactide content of not more than 0.1%. Furttier, 
tfie lactic acid-based polyester composition showed a 
45 melting point of 1 64**C. a drop of not more than 1 % each 
in the weight and molecular weight after thermal stability 
test and a molecular weight drop of not more tiian 1% 
after storage stability test. Thus, tiie lactic add-based 
polyester composition thus obtained showed a very 
50 excellent stability. 



EXAMPLE ft 

100 parts of an aliphatic polyester (succinic add: 
55 49.8 mol-%; 1 .2,3.4-butanetetracarboxylic acid: 0.2 
mol-%; 1,4-butanediol: 50-mol%; weight-average 
molecular weight: 125,000), 0.2 part of cifric acid, and 
0.2 part of a mixture of mono-2-ethylhexyl phosphate 
and di-2-ettiylhexyl phosphate were blended. The blend 
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was supplied into a vented biaxial extruder which had 
been adjusted to a temperature of 130''C, melt- 
kneaded, and then pelletized. 

35 parts of the pellet thus obtained, 60 parts of a 
poly-L-lactic acid (weight-average molecular weight: 
203.000). and 5 parts of a poly-D,L-lactic acid (weight- 
average molecular weight: 185.000) were mixed. The 
mixture was then supplied into a vented biaxial extruder 
which had been adjusted to a temperature of 180*^0. 
Under these conditions, the mixture was devolatilized 
under a pressure of 5 \orr while being melt-kneaded to 
obtain a lactic acid-based polyester composition in the 
form of pellet. 

The lactic acid-based polyester composition thus 
obtained showed a weight-average molecular weight of 
157,000. The lactic acid-based polyester composition 
apparently looked colorless and was almost odorless. 
The lactic acid-based polyester composition had a 
residual lactide content of 0.1%. Further, the lactic acid- 
based polyester composition showed a melting point of 
165°C, a drop of 1% each in the weight and molecular 
weight after thermal stability test and a molecular weight 
drop of not more than 1% after storage stability test. 
Thus, the lactic acid-based polyester composition thus 
obtained showed a very excellent stability. 

EXAMPLE 9 

100 parts of an aliphatic polyester (sebacic acid: 50 
mol-%; propylene glycol: 50 mol-%: weight-average 
molecular weight: 38.000) and 0.2 part of triethylenete- 
tramine hexaacetic acid were kneaded in a reactor 
which had been adjusted to a temperature of IdO^'C for 
30 minutes to obtain a mixture L2. 1 0 parts of L2 and 90 
parts of a polylactic acid (L-lactide/D-lactide = 98/2; 
weight-average molecular weight: 196,000) were sup- 
plied through a feeder into a vented biaxial extruder 
which had been adjusted to a temperature of 180*^0. 
Under these conditions, the mixture was devolatilized 
under a pressure of 5 torr while being melt-kneaded to 
obtain a lactic acid-based polyester in the form of pellet. 

The lactic acid-based polyester composition thus 
obtained showed a weight-average molecular weight of 
162.000. The lactic acid-based polyester composition 
apparentiy looked light-yellowish and transparent and 
was almost odorless. The lactic acid-based polyester 
composition had a residual lactide content of not more 
than 0.1%. Further, the lactic acki-based polyester com- 
position showed a melting point of 168''C, a drop of 1% 
each in the weight and molecular weight after thermal 
stability test and a molecular weight drop of 1% after 
storage stability test. Thus, the lactic acid-based polyes- 
ter composition thus obtained showed an excellent sta- 
bility. 

EXAMPLE 10 

92 parts of a poly-L-lactic acid (weight-average 
molecular weight: 203,000), 8 parts of a poly-D.L-lactic 



add (weight-average molecular weight: 185,000), and 
0.2 part of a mixture of monolauryl phosphate and dilau- 
ryl phosphate were mixed, and then supplied into a 
vented biaxial extruder which had been adjusted to a 

5 temperature of 180'*C. Under these conditions, the mix- 
ture was devolatilized and pelletized under a pressure 
of 5 ton* while being melt-kneaded. 

80 parts of the pellet thus obtained and 20 parts of 
an aliphatic polyester (dodecanedicartx)xyiic add: 40- 

10 mol%; adipic acki: 10 mol-%; 1 ,6-h6xanediol: 50-mol%; 
weight-average molecular weight: 45.000) were then 
extruded through a tetravented biaxial extruder having 
L/D of 30 and a cylinder diameter of 50 ^m while being 
devolatilized to obtain a 1 .0-mm thick odorless sheet 

75 having good surface conditions. 

The extrusion was effected at a cylinder tempera- 
ture of 1 70°C. a screw rotary speed of 20 rpm and an 
output of 5 kg/hr under a venting pressure of 1 ton*. The 
sheet thus obtained had a weight-average molecular 

20 weight of 155,000. The sheet showed a reskJual lactide 
content of not more than 0.1% and a melting point of 
165**C. The sheet showed a drop of not more than 1% 
each in the weight and molecular weight after thermal 
stability test and a molecular weight drop of not more 

25 than 1 % after storage stability test Thus, the sheet thus 
otDtained showed an extremely excellent stability. 

EXAMPLE 1 

30 90 parts of a polylactic ackJ (L-lactic acld/D-lactic 
add = 98/2; weight-average molecular weight: 
122,000), 10 parts of an aliphatic polyester (sebacic 
add: 50 mol-%; polypropylene glycol: 45 moI-%; propyl- 
ene glycol: 5 mol-%; weight-average molecular weight: 

35 43,000), and 0.5 part of aluminum isopropoxide were 
supplied through a feeder into a vented biaxial extruder 
which had been adjusted to a temperature of 180''C. 
melt-kneaded, and then pelletized. 

100 parts of the pellet thus obtained and 0.2 part of 

40 a mixture of monostearyl phosphate and distearyl phos- 
phate were dry-blended, and then supplied into a 
vented biaxial extruder which had been adjusted to a 
temperature of ISO'C. Under these conditions, the mix- 
ture was devolatilized and pelletized under a pressure 

45 of 2 torr while being melt-kneaded. The lactic ackJ- 
based polyester composition thus obtained had a 
weight-average molecular weight of 1 14.000. The lactic 
add-based polyester composition tiius obtained appar- 
ently looked light-yellowish and transparent and was 

50 almost odorless. "Die lactic add-based polyester com- 
position showed a residual lactide content of not more 
than 0.1% and a melting point of 164*C. The lactic add- 
based polyester composition showed a drop of not more 
than 1% each in the weight and molecular weight after 

55 thermal stability test and a molecular weight drop of not 
more than 1% after storage stability test. Thus, tiie lactic 
add-based polyester composition thus obtained 
showed a very excellent stability 
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EXAMPLE 12 

35 parts of an aliphatic polyester (succinic add: 50 
mol-%; 1,4-bLrtanedlol: 50 mol-%; weight-average 
molecular weight: 45.000), and 0.5 part of trimellitic 
anhydride were dry-blended, supplied into a vented 
biaxial extruder which had been adjusted to a tempera- 
ture of 180°C, melt-kneaded, and then pelletized. 

35 parts of the pellet thus obtained were blended 
with 55 parts of a poly-L-laclic acid (weight-average 
molecular weight: 203,000). lOpartsof apoly-D.L-lactic 
acid (weight-average molecular weight: 185.000) and 
0.2 part of a mixture of mono-2-ethylhexyl phosphate 
and di-2-ethylhexyt phosphate. The blend was supplied 
into a vented biaxial extruder which had been adjusted 
to a temperature of ISO^C. Under these conditions, the 
blend was devolatilized and pelletized under a pressure 
of 2 torr while being melt-kneaded. 

The lactic acid-based polyester composition thus 
obtained had a weight-average molecular weight of 
160.000. The lactic add-based polyester composition 
thus obtained apparently looked light-yellowish and was 
almost odorless. The lactic acid-based polyester com- 
position showed a residual lactide content of not more 
than 0.1% and a melting point of 168'*C. The lactic acid- 
based polyester composition showed a drop of not more 
than 1% each in the weight and molecular weight after 
thermal stability test and a molecular weight drop of not 
more than 1% after storage stability test. Thus, the lactic 
acid-based polyester composition thus obtained 
showed a very excellent stability 

EXAMPLE 13 

To a mixture of 75 parts of a poIy-L-lactic acid 
(weight-average molecular weight: 203.000), 5 parts of 
a poly-D.L-lactic acid (weight-average molecular weight: 
185.000). 20 parts of an aliphatic polyester (sebacic 
acid: 50 mol-%: propylene glycol: 50 mol-%; weight- 
average molecular weight: 38,000) and 0.2 part of hex- 
amethylene diisocyanate were added 8 parts of toluene 
as a solvent. The mixture was then melt-kneaded at a 
temperature of 130^0 in an atmosphere of inert gas for 
1 hour. To the mixture were then added 0.03 part of tin 
octanate as an ester interchange catalyst The mixture 
was then kneaded at a temperature of 170^0 for 5 
hours. To the mixture were then added 0.3 part of citric 
acid and 0.1 part of triphenyl phosphite. TTie mixture 
was kneaded for 3 hours, cooled, and then pelletized. 

The pellet thus obtained was dispersed in methanol 
at room temperature. The dispersion was then stirred. 
The dispersion was then subjected to separation. The 
component thus separated was then dried to remove 
volatile components therefrom. The lactic acid-based 
polyester composition thus obtained had a weight-aver- 
age molecular weight of 176.000. The lactic acid-based 
polyester composition apparently looked colorless and 
transparent and was almost odorless. The lactic acid- 
based polyester composition showed a residual lactide 



content of not more than 0.1%. The lactic acid-based 
polyester composition showed a drop of 1% each in the 
weight and molecular weight after thermal stability test 
and a molecular weight drop of 1 % after storage stability 
5 test Thus, the lactic add-based polyester composition 
thus obtained showed an excellent stability. 

EXAMPLE 14 

10 To 30 parts of an aliphatic polyester (dodecanedi- 
carboxylic acid: 40-mol%; adipic add: 10 mol-%; 1.6- 
hexanediol: 50-mol%; weight-average molecular 
weight: 45.000) were added 0.15 part of pyromellitic 
anhydride. The reaction mixture was then allowed to 

15 undergo reaction at a temperature of 200*'C for 3 hours 
to obtain a polyester having a weight-average molecular 
weight: 125.000. To the polyester were then added 64 
parts of a poly-L-lactic acid (weight-average molecular 
weight: 203.000) and 6 parts of a poly-D.L-lactic acid 

20 (weight-average molecular weight: 185,000). The mix- 
ture was then melt-kneaded in an inert gas-substituted 
atmosphere at a temperature of 165'»C for 1 hour. To tiie 
melt-kneaded mixture were then added 0.03 part of tin 
octanate as an ester interchange catalyst. The mixture 

25 was then kneaded at a temperature of 170**C for 5 
hours. 

Thereafter, to the material were added 0.2 part of 
triethylenetetraminehexaacetic add and 0.2 part of 
monostearyl phosphate. The mixture was kneaded for 

30 20 minutes, pelletized, and then taken out. The pel- 
letized lactic acid-based polyester composition thus 
obtained showed a weight-average molecular weight of 
165,000 and a residual lactide content of 4.2%. The pel- 
let was absolutely dried, and then extruded through a 

35 tetravented single-screw extruder having UD of 30 and 
an extrusion saew diameter of 50 mm to obtain a 1.0- 
mm tiiick sheet having good surface conditions giving 
little odor. 

The extrusion was effected at a cylinder tempera- 
te ture of 170°C. a screw rotary speed of 20 rpm and an 
output of 5 kg/hr under a venting pressure of 1 torr. The 
sheet thus obtained had a weight-average molecular 
weight of 157.000. The sheet showed a residual lactide 
content of 0. 1 % and a melting point of 1 59''C. The sheet 
45 showed a drop of not more than 1% each in tfie weight 
and molecular weight after thermal stability test and a 
molecular weight drop of not more than 1% after stor- 
age stability test. 

so COMPARATIVE EXAMPLE 1 . 

The procedure of Example 1 was followed to obtain 
a pelletized lactic acid-based polyester composition 
except that tartaric acid was not used. The pelletized 
55 lactic acid-based polyester composition thus obtained 
showed a weight-average molecular weight of 106,000. 
The pelletized lactic acid-based polyester composition 
apparently looked brown and ti^nsparent and gave a 
strong scent. The lactic acid-based polyester composi- 
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tion showed a residual lactide content of 3.2%. The lac- 
tic acid-based polyester composition had a melting 
point of 156°C. Further, the lactic acid-based polyester 
composition showed a drop of 11% and 9% in the 
weight and molecular weight, respectively, after thermal 
stability test and a molecular weight drop of 14% after 
storage stability test. Thus, the lactic acid-based polyes- 
ter composition thus obtained showed a poor stability. 

COMPARATIVE EXAMPLE 2 

The procedure of Example 2 was followed to obtain 
a pelletized lactic acid-based polyester composition 
except that the mixture of mono-2-ethylhexyl phosphate 
and di-2-ethylhexyl phosphate was not used. The pel- 
letized lactic acid-based polyester composition thus 
obtained showed a weight-average molecular weight of 
106.000. 

The pelletized lactic acid-based polyester composi- 
tion apparently looked brown and transparent and gave 
a strong scent. The lactic acid-based polyester compo- 
sition showed a residual lactide content of 3.8%. The 
lactic acid-based polyester composition had a melting 
point of Isy^'C. Further, the lactic acid-based polyester 
composition showed a drop of 14% and 13% in the 
weight and molecular weight, respectively, after thermal 
stability test and a molecular weight drop of 17% after 
storage stability test. Thus, the lactic acid-based polyes- 
ter composition thus obtained showed a poor stability. 

COMPARATIVE EXAMPLE 3 

The procedure of Exanple 7 was followed to obtain 
a pelletized lactic acid-based polyester composition 
except that the mixture of monohexadecyl phosphate 
and dihexadecyl phosphate was not used. The pel- 
letized lactic acid-based polyester composition thus 
obtained showed a weight-average molecular weight of 
102,000. The pelletized lactic acid-based polyester 
composition apparently looked brown and gave a strong 
scent. The lactic add-based polyester composition 
showed a residual lactide content of 3.1%. The lactic 
acid-based polyester composition had a melting point of 
161*0. Further, the lactic acid-based polyester compo- 
sition showed a drop of 10% and 8% in the weight and 
molecular weight, respectively, after thermal stability 
test and a molecular weight drop of 13% after storage 
stability test. Thus, the lactic acid-based polyester com- 
position thus obtained showed a poor stability. 

COMPARATIVE EXAMPLE 4 

The procedure of Example 9 was followed to obtain 
a pelletized lactic acid-based polyester composition 
except that triethyienetetraminehexaacetic acid was not 
used. The pelletized lactic acid-based polyester compo- 
sition thus obtained showed a weight-average molecu- 
lar weight of 122,000. The pelletized lactic acid-based 
polyester composition apparently looked brown and 



transparent and gave a strong scent. The lactic add- 
based polyester composition showed a residual lactide . 
content of 3.9%. The lactic acid-based polyester com- 
position had a melting point of 162°C. Further, the lactic 

5 add-based polyester composition showed a drop of 
14% and 12% in the weight and molecular weight, 
respectively, after thermal stability test and a nK)lecular 
weight drop of 1 6% after storage stability test. Thus, the 
lactic acid-based polyester composition thus obtained 

70 showed a poor stability. 

COMPARATIVE EXAMPLE 5 

The procedure of Example 10 was followed to 
IS obtain a lactic acid-based polyester composition In the 
form of sheet except that the mixture of monolauryl 
phosphate and dilauryt phosphate was not used. The 
sheet thus obtained showed a weight-average molecu- 
lar weight of 118,000. The sheet have a strong scent. 
20 The sheet showed a residual lactide content of 3.7%. 
The sheet had a melting point of 158'*C. Further, tiie 
sheet showed a drop of 12% each in the weight and 
molecular weight after thermal stability test and a 
molecular weight drop of 15% after storage stability test. 
25 Thus, the sheet thus obtained showed a poor stability. 

COMPARATIVE EXAMPLE 6 

The procedure of Example 11 was followed to 
30 obtain a pelletized lactic acid-based polyester composi- 
tion except that aluminum isopropoxide, monostearyl 
phosphate and distearyl phosphate were not used. The 
pelletized lactic acid-based polyester composition thus 
obtained showed a weight-average molecular weight of 
35 84,000. The pelletized lactic acid-based polyester com- 
position apparentiy looked brown and transparent and 
gave a strong scent. The lactic acid-based polyester 
composition showed a residual lactide content of 3.5%. 
The lactic acid-based polyester composition had a melt- 
40 ing point of 1 56'*C. Further, the lactic ackJ-based polyes- 
ter composition showed a drop of 11% and 9% in tiie 
weight and molecular weight, respectively, after thermal 
stability test and a molecular weight drop of 14% after 
storage stability test. Thus, the lactic ackJ-based polyes- 
45 ter conrposition thus obtained showed a poor stability 

C OMPARATIVE EXAM P LE 7 

The procedure of Example 13 was followed to 
50 obtain a pelletized lactic acid-based polyester composi- 
tion except that hexametiiylene diisocyanate and citi'ic 
add were not used. The pelletized lactic add-based pol- 
yester composition thus obtained showed a weight- 
average molecular weight of 130.000. The pelletized 
55 lactic acid-based polyester composition apparentiy 
looked brown and transparent and gave a strong scent. 
The lactic add-based polyester composition showed a 
residual lactkJe content of 3.8%. The lactic acki-based 
polyester composition had a melting point of 161°C. 
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Further, the lactic acid-based polyester composition 
showed a drop of 12% and 11% in the weight and 
molecular weight, respectively, after thermal stability 
test and a molecular weight drop of 15% after storage 
stability test. Thus, the lactic acid-based polyester com- 5 
position thus obtained showed a poor stability. 

COMPARATIVE EXAMPLE ft 

The procedure of Example 14 was followed to 10 
obtain a lactic acid-based polyester composition in the 
form of sheet except that pyromellitic anhydride, triethyl- 
enetetraminehexaacetic acid and the mixture of monos- 
tearyl phosphate and distearyl phosphate were not 
used. The sheet thus obtained showed a weight-aver- 15 
age molecular weight of 124,000, The sheet gave a 3. 
strong scent. The sheet showed a residual lactide con- 
tent of 3.3%. The sheet had a melting point of 152*C. 
Further, the sheet showed a drop of 13% and 12% in 
the weight and molecular weight, respectively, after 20 
thermal stability test and a molecular weight drop of 
13% after storage stability test. 

As mentioned above, the present invention pro- 
vides a process for the preparation of a biodegradable 
lactic acid-based polyester composition excellent in 2s 
thermal stability storage stability, flexibility, heat resist- 
ance, mechanical and physical properties and mokJabil- 
ity which comprises kneading a lactic acid-based 4. 
polyester and a polyester consisting of dicarboxylic add 
component(s) and diol component(s) with a chelating 30 
agent, an acidic phosphoric acid ester, a molecular 
weight increasing agent, etc., and then devolatilizing the 
kneaded mixture. The present invention also provides a 
molding process of the foregoing lactic acid-based poly- 
ester composition. 35 

While the invention has been described in detail 
and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various 
changes and modifications can be made therein without 
departing from the spirit and scope thereof. 40 5. 

Claims 

1 . A process for the preparation of a lactic acid-based 
polyester composition, which comprises melt- 45 
kneading a lactic acid-based polyester (A), a poly- 
ester (B) consisting of dicarboxylic acid compo- 6. 
nent(s) and diol component(s) and a chelating 

agent and/or acidic phosphoric add ester (C) in an 
amount such that the weight ratio (A)/(B) is from so 
99/1 to 10/90 and the proportion of (0) is from 
0.001 to 5 parts by weight based on 100 parts by 7. 
weight of the sum of (A) and (B). 

2. A process for the preparation of a lactic acid-based ss 
polyester composition, which comprises melt- 8. 
kneading either of a lactic acid-based polyester (A) 

or a polyester (B) consisting of dicartwxylic add 
component(s) and diol component(s) with a chelat- 



ing agent and/or acidic phosphoric add ester (C). 
and then melt-kneading the resulting material with 
the remainder of said polyester (A) or said polyester 
(B). orconprises melt-kneading a lactic acid-based 
polyester (A) with a chelating agent and/or acidic 
phosphoric acid ester (C) and melt-kneading a pol- 
yester (B) consisting of dicarboxylic add compo- 
nent(s) and did component(s) with a chelating 
agent and/or acidic phosphoric acid ester (C), sep- 
arately, and then melt-kneading the both resulting 
materials, wherein the weight ratio (A)/(B) is from 
99/1 to 10/90 and the proportion of (C) is from 
0.001 to 5 parts by weight based on 100 parts by 
weight of the sum of (A) and (B). 

A process for tiie preparation of a lactic acid-based 
polyester composition, which comprises melt- 
kneading a melt-kneaded mixture of a lactic acid- 
based polyester (A) and a chelating agent and/or 
acidic phosphoric acid ester (C) witfi a polyester (B) 
consisting of dicarboxylic acid component(s) and 
diol component(s) in an amount such that the 
weight ratio (A)/(B) is from 99/1 to 10/90 and the 
proportion of (C) is from 0.001 to 5 parts by weight 
based on 100 parts by weight of the sum of (A) and 
(B). 

The process for the preparation of a lactic add- 
based polyester composition according to any one 
of Claims 1 to 3. wherein a molecular weight 
increasing agent (D) is added to said lactic acid- 
based polyester (A) and/or polyester (B) consisting 
of dicarboxylic ackJ component(s) and diol compo- 
nent(s) in an amount of from 0.001 to 5 parts by 
weight based on 1 00 parts by weight of the sum of 
(A) and (B) before or at the same time witii the melt- 
kneading with said chelating agent and/or addic 
phosphoric acid ester (C). 

The process for tiie preparation of a lactic add- 
based polyester composition according to any one 
of Claims 1 to 4. wherein the melt-kneading witii 
said chelating agent and/or addic phosphoric ackJ 
ester (C) is followed by the removal of volatile com- 
ponents under reduced pressure. 

The process for the preparation of a lactic acid- 
based polyester composition according to any one 
of Claims 1 to 5, wherein said lactic add-based pol- 
yester (A) is a polylactic acid. 

A lactic add-based polyester composition, pre- 
pared by the preparation process according to any 
one of Claims 1 to 6. 

A molding process of a lactic acid-based polyester 
composition, which comprises kneading a lactic 
acid-based polyester (A) and a polyester (B) con- 
sisting of dicart)0xylic acid component(s) and diol 
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component(s) with a chelating agent and/or acidic 
phosphoric acid ester (C), and then molding the 
material. 

9. A molding process of a lactic acid-based polyester s 

composition, which comprises melt-kneading a lac- 
tic acid-based polyester (A) and a polyester (B) 
consisting of dicarboxylic acid component(s) and 
diol component(s) with a chelating agent and/or 
acidic phosphoric add ester (C), removing volatile io 
components from the material under reduced pres- 
sure, and then molding the material. 

10. A molding process of a lactic acid-based polyester 
composition, which comprises melt-kneading a lac- 75 
tic acid-based polyester (A) with a chelating agent 
and/or acidic phosphoric acid ester (C), removing 
volatile components from the material under 
reduced pressure, and then kneading the material 
with a polyester (B) consisting of dicarboxylic add 20 
component(s) and diol component(s). and then 
molding the material. 

1 1 . The molding process of a lactic acid-based polyes- 
ter composition according to any one of Claims 8 to 2s 

10. wherein said lactic acid-based polyester (A) 
and/or polyester (B) consisting of dicarboxylic add 
component(s) and diol component(s) is melt- 
kneaded with a molecular weight increasing agent 

(D) before or at the same time with the melt-knead- 30 
ing with said chelating agent and/or addic phos- 
phoric acid (C). 

12. The molding process of a lactic acid-based polyes- 
ter composition according to any one of Claims 8 to 35 

1 1 . wherein said lactic add-based polyester (A) Is a 
polylactic acid. 
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